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PROJECTION EXPOSURE APPARATUS WITH AN 
ABERRATION COMPENSATION DEVICE OF A 

PROJECTION LENS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a projection exposure 

apparatus, and particularly, to an exposure apparatus in 
which adverse in?uences of aberrations of a projection 
lens such as symmetrical distortion, curvature of ?eld 
and the like of the projection lens to a high resolution 
are reduced or eliminated. 

2. Related Background Art 
In recent years, a projection type exposure apparatus 

has been widely used as an apparatus for producing a 
semiconductor integrated circuit in order to obtain a 
higher resolution, a higher exposure accuracy and a 
greater throughput. 

In the projection exposure apparatus, there is pro 
vided a projection lens between a reticle (an original 
plate) and a silicon wafer (a substrate), and a circuit 
pattern formed on the reticle is imaged on the silicon 
wafer with a predetermined reduction ratio or reduced 
magni?cation (normally 1/5 or 1/10) through the pro 
jection lens. Thus, a pattern image which is a reduced 
image of the circuit pattern is formed on the silicon 
wafer. In a reduction projection type exposure appara 
tus, a step-and-repeat exposure system is generally 

, adopted in which a silicon wafer is shifted each time one 
exposure has been completed and plural pattern images 
are arranged over an entire silicon wafer without any 
clearance by plural exposures, rather than a one-shot 
exposure system in which a pattern image is formed 
over an entire silicon wafer by a single exposure. 
However, in order to cope with yet a fui'ther higher 

integration of a semiconductor integrated circuit, a limit 
to resolution which occurs in only using a reduction 
projection exposure apparatus to project a circuit pat 
tern at a reduced ratio should be solved. So, it is re 
quired that the wavelength of an exposure light be made 
shorter and that an NA of a projection lens be made 
larger to improve the resolution. In this case, however, 
the following problems in turn arise due to a reduction 
of depth of focus resulting from the enlarged NA of a 
projection lensand due to a greater accuracy in align 
ment between a reticle and a silicon wafer resulting 
from a re?ned circuit pattern. " 

(1) Shift of a focal point of a projection lens: 
The shift occurs because the projection lens absorbs 

part of the exposure light, and the displacement of the 
focal point increases as the exposure proceeds, as shown 
in FIG. 1. When the exposure starts at a time to, the 
displacement increases with time and a stationary state 
is reached at a time 1. Then, if the exposure terminates 
at a time t2, the displacement decreases with time and 
becomes zero at a time t3. The displacement of the focal 
point would not be any trouble so long as its amount is 
small enough. But, if the displacement surpasses the 
range of a depth of locus, it becomes a great problem. 

(2) Shift of an image magni?cation of a projection 
lens: I 

The shift also occurs since the projection lens absorbs 
part of the exposure light. As shown in FIG. 2, the 
displacement of the image magni?cation increases as 
the exposure proceeds. When the exposure starts at a 
time to, the displacement increases with time and a sta 
tionary state is reached at a time t1. Then, if the expo 
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2 
sure terminates at a time t2, the displacement decreases 
with time and becomes zero at time t3. Displacement of 
the image magni?cation would directly influence an 
arranging accuracy of circuit patterns on the wafer, and 
this becomes a great problem when a refined circuit 
pattern is depicted on the wafer. 

(3) Symmetrical distortion of a projection lens: 
The distortion also occurs since the projection lens 

absorbs part of the exposure light. The distortion could 
not be removed even if a projection lens of high perfor 
mance is used which is designed to have no distortion at 
a stage of production thereof. 

(4) Curvature of ?eld of a projection lens: 
Curvature of the ?eld also occurs since the projection 

lens absorbs part of exposure light. When a wafer whose 
exposure area is enlarged to 20 mmXZO mm, it is diffi 
cult to maintain a best focused state over an entire expo‘ 
sure area of the wafer due to the shift of curvature of 
?eld of the projection lens. Thus, a limit to higher reso 
lution occurs. 

' In a conventional projection exposure apparatus, the 
problems of (l) and (2) discussed above are solved by 
the following measures (a) and (b), and even if a focal 
point and an image magni?cation of the projection lens 
are greatly varied, these variations are corrected so that 
a circuit pattern on a reticle can be transferred on a 
silicon wafer under permissible conditions. But, the 
above-noted problems (3) and (4) are not yet be solved. 

(a) Measures to correct a shift of a focal point: 
A stage on which a silicon wafer is mounted is moved 

in a direction of an optical axis of the projection lens. 
Thus, a distance between the silicon wafer and the pro 
jection lens is adjusted according to the displacement of 
the focal point of the projection lens. ’ 

(b) Measures to correct a shift of an image magni?ca 
tion: 
A sealed space is provided in a given space between 

lenses consisting of a projection lens. The air pressure in 
the sealed space is adjusted according to the shift of the 
image magni?cation of the projection lens (see Japanese 
‘Patent Laid—OpenvNo. 60078454). Or, a distance be 
tween the reticle and the projection lens, or distances 
between respective lenses consisting of the projection 
lens is adjusted according to the shift of the image mag 
ni?cation, 

Therefore, in order to obtain a still further higher 
resolution in the conventional projection exposure ap 
paratus, the problem concerning the symmetrical dis 
tortion of the projection lens as shown in FIGS. 3A and 
3B or the curvature of ?eld thereof must be solved. 

In more detail, in a reduced projection exposure ap 
paratus wherein only the correction of a shift of a focal 
point of a projection lens and the correction of an image 
magnification are performed, there is a problem that a 
pattern image 201 formed on a wafer as shown by a 
solid line in FIG. 3A has a barrel type distortion in 
which four sides of a square are curved outwardly, 
compared with a regular pattern image 200 as shown by 
dotted lines, when, the projection lens involves a barrel 
type distortion which is a kind of symmetrical distor 
tion. On the other hand, there is a problem that a pattern 
image 202 formed on a wafer as shown by a solid line in 
FIG. 3B has a reel type distortion in which four sides of 
a square are curved inwardly, compared with a regular 
pattern image 200 as shown by dotted lines, when the 
projection lens involves a reel type distortion which is 
also a kind of symmetrical distortion. 
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When the projection lens involves a curvature of ?eld 
which is a kind of aberration, the pattern image partially 
shifts in a direction perpendicular to an exposure sur 
face from a regular pattern image. 

SUMMARY OF THE INVENTION 
An object of this invention is to provide a projection 

exposure apparatus and a method in which in?uences of 
a partial shift of a pattern image on a substrate in at least 
one of the directions along and perpendicular to an 
exposure surface from a regular pattern image are re 
duced or eliminated to obtain a higher resolution. 
Another object of this invention is to provide a pro 

jection exposure apparatus in which in?uences of a 
symmetrical distortion of a projection lens are reduced 
or eliminated to obtain a higher resolution. 

Still another object of this invention is to provide a 
projection exposure apparatus in which in?uences of a 
curvature of ?eld of a projection lens are reduced or 
eliminated to obtain a higher resolution. 
According to one aspect of the present invention, a 

projection exposure apparatus in which a pattern 
formed on an original is imaged onto a substrate at a 
predetermined magni?cation to form a pattern image on 
the substrate includes ?rst support means for supporting 
the original; second support means for supporting the 

20 

substrate; a projection lens disposed between the ?rst . 
_ and second support means for’ imaging the pattern onto 
the substrate; obtaining means for obtaining a partial 
deviation of position of the pattern image from regular 
positions in at least one of the directions along and 
perpendicular to a surface of the pattern image; and 
eliminating means for eliminating the partial deviation 
based on an output of the obtaining means by deforming 
at least one of the original and the substrate. 
According to another aspect of the present invention, 

a projection exposure apparatus in which a pattern 
formed on an original is imaged onto a substrate at a 
predetermined magni?cation to form a pattern image on 
the substrate includes ?rst support means for supporting 
the original; second support means for supporting the 
substrate; a projection lens disposed between the ?rst 
and second support means for imaging the pattern onto 
the substrate; deforming means for deforming the origi 
nal in its surface direction; arithmetric means for calcu 
lating a deviation between an original geometric shape 
of the pattern formed on the original and a geometric 
shaped of the pattern image formed on the substrate; 
and control means for controlling the deforming means 
based on the deviation calculated by the arithmetric 
means so that the geometric shape of the pattern image 
coincide with the original geometric shape of the pat 
tern. , 

According to a third aspect of the present invention, 
a projection exposure apparatus in which a pattern 
formed on an original is imaged onto a substrate at a 
predetermined magni?cation to form a pattern image on 
the substrate includes ?rst support means for supporting 
the original; second support means for supporting the 
substrate; a projection lens disposed between the ?rst 
and second support means for imaging the pattern onto 
the substrate; measuring means for measuring respec 
tive positions of image surfaces of plural detection 
marks formed on the original by use of an exposure light 
transmitted through the projection lens; curving means 
for curving an exposure surface'of the substrate by 
displacing portions of the substrate when the detection 
marks are transferred in a direction perpendicular to an 
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4 
exposure surface of the substrate; and driving means for 
driving the curving means based on the respective posi 
tions of image surfaces for the detection marks mea 
sured by the measuring means. 
According to a fourth aspect of the present invention, 

a method for imaging a pattern formed on an original 
onto a substrate at a predetermined magni?cation to 
form a pattern image on the substrate using a projection 
lens in a projection exposure apparatus includes the 
steps of: obtaining a partial deviation of positions of 
portions of the pattern image from regular positions in 
at least one of the directions along and perpendicular to 
a surface of the pattern image; eliminating the partial 
deviation by deforming at least one of the original and 
the substrate based on a result obtained in the obtaining 
step; and imaging the pattern on the original onto the 
substrate using an exposure light transmitted through 
the projection lens. 
According to a ?fth aspect of the present invention, a 

method for imaging a pattern formed on an an original 
onto a substrate at a predetermined magni?cation to 
form a pattern image on the substrate using a projection 
lens in a projection exposure apparatus includes the 
steps of: measuring a manner of a change of a symmetri 
cal distortion of the projection lens; calculating a devia 
tion between an original geometric shape of the pattern 
formed on the original and a geometric shape of the 
pattern image formed on the substrate based on the 
manner of change of the symmetrical distortion of the 
projection lens measured in the measuring step; deform 
ing the original in its surface direction based on the 
deviation calculated in the calculating step so that the 
geometric shape of the pattern image coincides with the 
original geometric shape of the pattern on the original; 
and imaging the pattern on the original onto the sub-‘ 
strate using an exposure light transmitted through the 
projection lens. _ 

According to a sixth aspect of the present invention, 
a method for imaging a pattern formed on an original 
onto a substrate at a predetermined magni?cation to 
form a pattern image on the substrate using a projection 
lens in a projection exposure apparatus includes the 
steps of: providing plural detection marks on the origi 
nal; measuring respective positions of image surfaces of 
the plural detection marks formed on the original by use 
of an exposure light transmitted through the projection 
lens to detect a curvature of ?eld of the projection lens; 
curving an exposure surface of the substrate by displac 
ing portions of the substrate when the detection marks 

' are transferred in a direction perpendicular to the expo 

60 
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sure surface of the substrate based on the respective 
image surfaces of the detection marks measured in the 
measuring step to compensate for the curvature of ?eld 
of the projection lens; and imaging the pattern on the 
original onto the substrate using the exposure light 
transmitted through the projection lens. 
These advantages and other will be more readily 

understood in connection with the following detailed 
description, claims and drawing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a representation illustrating a displacement 
with time of a focal point of a projection lens in a pro 
jection exposure apparatus. 

FIG. 2 is a representation illustrating a displacement 
with time of an image magni?cation of a projection lens 
in a projection exposure apparatus. 
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FIG. 3A is a plan view illustrating a deformed pattern 
image due to a barrel type distortion of a projection 
lens. 
FIG. 3B is a plan view illustrating a deformed pattern 

image due to a reel type distortion of a projection lens. 
FIG. 4 is a schematic diagram of a ?rst embodiment 

of a reduced projection exposure apparatus according 
to the present invention. 
FIG. 5 is a plan view illustrating a method for ?xing 

a reticle by driving devices in the ?rst embodiment of 
the present invention. 
FIG. 6 is a plan view illustrating a reticle and a circuit 

pattern deformed when expandable portions of driving 
devices are extended in the ?rst embodiment of the 
present invention. - 

FIG. 7 is a plan view illustrating a reticle and a circuit 
pattern deformed when expandable portions of driving 
devices are reduced in the ?rst embodiment of the pres 
ent invention. 
FIG. 8 is a schematic diagram of a second embodi 

ment of a reduced projection exposure apparatus ac 
cording to the present invention. 
FIG. 9 is a schematic diagram of a third embodiment 

of a reduced projection exposure apparatus according 
to the present invention. 
FIG. 10 is a plan view of a reticle shown in FIG. 9 

having detection marks thereon. 
FIG. 11 is a plan view of the detection mark shown in 

FIG. 10. 
FIG. 12A is a plan view of a wafer holder of the third 

embodiment. 
FIG. 12B is a partial cross-sectional view of a wafer 

15 

25 

holder of the third embodiment taken along a line A-A I 
in FIG. 12A. 
FIG. 13 is a perspective view of a light receiving 

device of the third embodiment. 
FIG. 14 is a plan view illustrating an arrangement of 

image sensors of a light receiving plate shown in FIG. 
13. 
FIG. 15 is a graph illustrating an example of contrast 

pro?les obtained by a difference detection circuit 
shown in FIG. 9. 

40 

FIG. 16 is a plan view illustrating another example of _ 
an arrangement of detection marks formed on a reticle. 
FIG. 17 is a plan view illustrating another example of 

an arrangement of image sensors formed on a light 
receiving plate to be used when the reticle of FIG. 16 is 
used. 
FIG. 18A is a plan view of a wafer holder of a fourth 

embodiment of the present invention. ' 
FIG. 18B is a partial cross-sectional view of a wafer 

holder of the fourth embodiment taken along a line 
A-A in FIG. 12A. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

FIG. 4 shows a ?rst embodiment of a projection 
exposure apparatus according to the present invention. 
This ?gure is a schematic view of a reduced projection 
type exposure apparatus for producing a semiconductor 
integrated circuit. 

In the ?rst embodiment, there are provided, as shown 
in FIG. 4, an illuminating device 1 for emitting an expo 
sure light of ultraviolet light, a reticle 2 having thereon 
a circuit pattern 26 and having a desired shape (herein, 
a square as shown in FIG. 5 for the convenience of 
explanation), a silicon wafer 4 on which a pattern image 
of a reduced image of the circuit pattern 26 is to be 

45 

50 

60 

65 

6 
formed, a projection lens 3 for imaging the circuit pat 
tern 26 onto the silicon wafer 4 at a predetermined 
reduction ratio. a stage 5 on which the silicon wafer 4 is 
mounted and which controls the position of the silicon 
wafer 4, a focal point controller 12 for controlling a 
correction of a shift of a focal point of the projection 
lens 3, and an image magni?cation controller 13 for 
controlling a correction of a shift of an image magni?ca 
tion of the projection lens 3. 
The illuminating device 1 includes a light source for 

radiating light such as ultraviolet light, a shutter device, 
a condenser lens and the like. The reticle 2 and the 
silicon wafer 4 are disposed opposing each other in an 
optical axis of the exposure light radiated from the illu 
minating device 1. The projection lens 3 is disposed 
between the reticle 2 and the silicon wafer 4. The focal 
point controller 12 moves the stage 5 up and down 
according to a control signal for correcting the position 
a focal point output from an arithmetic or processing 
unit 11 explained below. The image magni?cation con 
troller 13 adjusts an air pressure in a sealed space pro 
vided in the projection lens 3 according to a control 
signal for correcting the image magni?cation output 
from the arithmetic unit 11. 

In the ?rst embodiment, there are further provided 
four driving devices 20-23 which are respectively 
means for deforming the reticle 2 in its surface direc 
tion, the arithmetic unit 11 which comprises means for 
calculating deviations between an original geometric 
shape (square) of the circuit pattern 26 formed on the 
reticle 2 and a geometric shape of a pattern image 
formed on the silicon wafer 4, and a distortion control 
ler 14 which comprises means for controlling four driv 
ing devices 20-23 to cause the geometric shape of the 
pattern coincide with the original geometric shape of 
the circuit pattern 26. 
The arithmetic unit 11 includes a memory 10 for 

storing ?rst data which is obtained beforehand by mea 
suring a relationship between a symmetrical distortion 
of the projection lens 3 and time lapsed from a start of 
exposure, and a timer 15 for measuring the time from 
the start of exposure. The ?rst data is read out from the 
memory 10-by inputting into the memory 10 the time c 
measured by the timer 15. Then, the unit 11 obtains the 
deviation based on the thus read ?rst data, and gener 
ates the control signal for correcting the distortion. 

Further, the memory 10 stores second and third data 
which are obtained beforehand by measuring displace 
ments with time of the focal point and the image magni 
?cation of the projection lens 3 (see FIGS. 1 and 2). The 
arithmetic unit 11 reads the second and third data by 
inputting into the memory 10 the time from the start of 
exposure measured by the timer 15. The unit 11 gener 
ates the control signal for correcting a focal point and 
the control signal for correcting an image magni?cation 
based on the thus read second and third data. 
As shown in FIG. 5, four driving devices 20-23 are 

?xed to central portions of four sides of the reticle 2. 
The driving devices 20-23 are respectively composed 
of expansible portions 200-230 whose expansion or 
shrinkage amounts are controlled by the control signals 
from the distortion’ controller 14 and which consist of 
piezoelectric elements, and stationary portions 20b-23b 
for ?xing the reticle 2. One end of each expansible por 
tion 20a-23a is ?xed to a support frame 25 made of a 
material of high rigidity. The other end of each expansi 
ble portion 200-231: is ?xed to each stationary portion 
20b-23b. 
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Therefore, as shown in FIGS 6 and 7, the reticle 2 is 
deformed inward in its surface direction by outputting 
the control signal from the distortion controller 14 to 
the expansible portion 200-230 of each driving device 
20-23. If the expansible portions 200-230 are extended 
by an equal length according to the control signal, the 
reticle 2 is deformed to a reel shape as shown in FIG. 6. 
On the other hand, if the expansible portions 200-230 
are reduced by an equal length according to the control 
signal, the reticle 2 is deformed to a barrel shape as 
shown in FIG. 7. At this time, the square circuit pattern 
26 on the reticle 2 shown by hatchings in FIG. 5 is also 
deformed inwardly or outwardly according to the de 
formation of the reticle 2 as shown in FIGS. 6 and 7. 

Next, the operation of the ?rst embodiment will be 
explained. 
The exposure light (ultraviolet light) radiated from 

the illuminating device 1 illuminates the reticle 2 uni 
formly, and the exposure light applied to a portion on 
which the circuit pattern 26 is formed transmits through 
the reticle 2, while remaining exposure light is re?ected 
by the reticle 2. The transmitted exposure light is reduc 
tion-projected by the projection lens 3 at a predeter 
mined reduction ratio (normally 1/5 or 1/ l0). 0n the 
exposure surface of the silicon wafer 4, a resist which is 
to be chemically changed by the exposure light is uni 
formly coated. Therefore, the resist on a portion on 
which the transmitted exposure light applied is sub 
jected to chemical reaction, so that the circuit pattern 
26 is transferred onto the silicon wafer 4. Thus, the 
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30 
pattern image which is reduced from the circuit pattern ' 
26 at the predetermined reduction ratio is formed on the 
wafer 4. 

In the reduced projection exposure apparatus of the 
?rst embodiment, the displacement of the focal point, 
the shift of the image magni?cation and the symmetrical 
distortion of the projection lens 3 arise. The degradation 
of resolution due to those factors are prevented in this 
embodiment in the following manner. 

(I) Preventing of adverse in?uences due to displace 
ment of a focal point: 
When the exposure is started, the arithmetric unit 11 

inputs time elapsed from the start of exposure measured 
by the timer 15 into the memory 10 and the second data 
stored in the memory 10 (the shift with time from the 
start of exposure of the focal point of the projection lens 
3 obtained by measurement) is read. Then, the focal 
point correction control signal produced based on the 
thus read second data is output to the focal point con 
trol device 12. The focal point control device 12 moves 
the stage 5 up and down based on the focal point correc 
tion control signal, and adjusts the distance between the 
projection lens 3 and the stage 5 according to the shift 
of the focal point of the projection lens 3. v 

(2) Prevention of adverse in?uences due to shift of an 
image magni?cation: 
When the exposure is started, the arithmetric unit 11 

inputs time elapsed from the start of exposure measured 
by the timer 15 into the memory 10 and the third data 
stored in the memory 10 (the shift with time from the 
start of exposure of the image magnification of the pro 
jection lens 3 obtained by measurement) is read. Then, 
the image magni?cation correction control signal pro 
duced based on the thus read third data is output to the 
image magni?cation control device 13. The image mag 
ni?cation control device 13 changes the pressure of air 
in the sealed space provided in the projection lens 3 
based on the image magni?cation correction control 
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signal, and adjusts the pressure of air in the sealed space 
according to the shift of the image magni?cation of the 
projection lens 3. 

(3) Prevention of adverse in?uences die to symmetri 
cal distortion: 
When the exposure is started, the arithmetric unit 11 

inputs time elapsed from the start of exposure measured 
by the timer 15 into the memory 10 and the ?rst data 
stored in the memory 10 (the relationship between time 
from the start_of exposure and the symmetrical distor 
tion of the projection lens 3 obtained by measurement) 
is read. Then, the distortion correction control signal 
produced based on the thus read first data is output to 
the distortion control device 14. The distortion control 
device 14 outputs control signals to the respective driv 
ing devices 20-23 according to the distortion correction 
control signal, and deforms the reticle 2 in its surface 
direction according to the symmetrical distortion of the 
projection lens 3. More in particular, the arithmetric 
unit 11 calculates from the ?rst data read out from the 
memory 10 the deviation between the original geomet 
ric shape (square) of the circuit pattern 26 formed on the 
reticle 2 and the geometric‘ shape of the pattern image 
formed on the silicon wafer 4. If a barrel type distortion 
of the pattern image due to the barrel type distortion of 
the projection lens 3 (see FIG. 3A) is con?rmed, the 
arithmetric unit 11 produces a distortion correction 
control signal for instructing that the reticle 2 be made 
reel-shaped as shown in FIG. 6. The distortion control 
device 14 which receives the thus produced distortion 
correction control signal outputs control signals to the 
respective driving devices 20-23 for extending the ex 
pansible portions 200-230 by predetermined amounts. 

~ On the other hand, if the deviation is calculated based 
35 on the ?rst data read from the memory 10 and the reel 

' type distortion of the pattern image due to the reel type 
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distortion of the projection lens 3 (see FIG. 3B) is con 
?rmed, the arithmetric unit 11 produces a distortion 
correction control signal for instructing that the reticle ' 
2 be made barrel-shaped as shown in FIG. 7. the distor 
tion control device 14 which receives the thus produced 
distortion correction control signal outputs control 
signals to the respective driving devices 20-23 for 
shrinking the expansible portions 200-230 by predeter 
mined amounts. 
As a result, in this embodiment, even when the barrel 

type or reel-type distortion of the pattern image formed 
on the silicon wafer 4 is created due to the symmetrical 
distortion of the projection lens 3, the reticle 2 can be 
deformed in its surface direction and the circuit pattern 
26 formed on the reticle 2 can be deformed so that the 
distortion of the pattern image is eliminated. Thus, ad 
verse in?uences due to the distortion of the pattern 
image formed on the silicon wafer 4 can be prevented. 

Therefore, in the reduced projection exposure appa 
ratus of the ?rst embodiment, degradation of resolution 
due to a symmetrical distortion of the projection lens 3 
as well as that due to shifts of a focal point of the projec 
tion lens 3 and an image magni?cation thereof can be 
prevented. 
FIG. 8 shows a second embodiment of a projection 

exposure apparatus according to the present invention. 
This is a schematic view of a reduced projection type 
exposure apparatus for producing a semiconductor inte 
grated circuit. 
The second embodiment differs from the ?rst em 

bodiment in the following points. First, there is pro 
vided, as shown in shown in FIG. 8, a temperature 
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sensor 60 in a projection lens 33. An arithmetic unit 41 
is connected to a memory 40 which stores ?rst data 
obtained by measuring the relationship between a sym 
metrical distortion of the projection lens 33 and the 
temperature indicated by the sensor 60. The ?rst data is 
read out by inputting the temperature indicated by the 
sensor 60 into the memory 40, and the arithmetric unit 
44 calculates the above mentioned deviation based on 
the thus read ?rst data to produce a distortion correc 
tion control signal. 

Further, the memory 40 stores second and third data 
which are obtained by measuring a relationship be 
tween a shift of a focal point of the projection lens 33 
and the temperature and that between a shift of an 
image magni?cation of the projection lens 3 and the 
temperature, respectively. The arithmetric unit 41 reads 
the second and third data by inputting the temperature 
indicated by the sensor 60, and produces focal point 
correction and image magni?cation correction control 
signals based on the thus read second and third data. 

Also, in the reduced projection exposure apparatus of 
the second embodiment, the displacement of the focal 
point, the shift of the image magni?cation and the sym 
metrical distortion of the projection lens 3 arise due to 
the absorption of part of the exposure light by the pro 
jection lens 33. The degradation of resolution due to 
those factors are prevented in this embodiment in the 
following manner. 

(1) Prevention of adverse in?uences due to displace 
ment of a focal point: 
When the exposure is started, the arithmetric unit 41 

takes in an output signal of the sensor 60 and inputs into 
the memory 40 the temperature of the projection lens 33 
indicated by the output signal, and the second data 
stored in the memory 40 (the relationship between dis 
placement of a focal point of the projection lens 33 and 
temperature indicated by the sensor 60 obtained by 
measurement) is read. Then, the focal point correction 
control signal produced based on the read second data 
is output to the focal point control device 42. The focal 
point control device 42 moves the stage 35 up and down 
according to the focal point correction control signal, 
and adjusts the distance between the projection lens 33 
and the stage 35 according to, the shift of the focal point 
of the projection lens 33. 

(2) Prevention of adverse in?uences due to shift of an 
image magni?cation: 
When the exposure is started, the arithmetric unit 41 

takes in an output signal of the sensor 60 and inputs into 
the memory 40 the temperature of the projection lens 33 
indicated by this output signal, and the third data stored 
in the memory 40 (the relationship between t image 
magni?cation of the projection lens 33 obtained by 
measurement) is read. Then, the image magni?cation 
correction control signal produced based on the read 
third data is output to the image magni?cation control 
device 43. The image magni?cation control device 43 
charges the pressure of air in the sealed spaced disposed 
in the projection lens 33 based on the image magni?ca 
tion correction control signal, and adjusts the pressure 
of air in the sealed spaced according to the shift of the 
image magni?cation of the projection lens 33. 

(3) Prevention of adverse in?uences due to a symmet 
rical distortion: ' 

When the exposure is started, the arithmetric unit 41 
takes in an output signal of the sensor 60 and inputs into 
the memory 40 the temperature of the projection lens 33 
indicated by this output signal, and the ?rst data stored 
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in the memory 40 (the relationship between temperature 
indicated by the sensor 60 and a symmetrical distortion 
of the projection lens 33 obtained by measurement) is 
read. Then, the distortion correction control signal 
produced based on the read ?rst data is output to the 
distortion controller 44. The distortion control device 
44 outputs control signals to respective driving devices 
50-52 (one driving device is not shown in FIG. 8) ac 
cording to the distortion correction control signal, and 
deforms the reticle 32 in its surface direction according 
to the symmetrical distortion of the projection lens 33. 
More in particular, the arithmetric unit 41 calculates 

from the ?rst data read out from the memory 40 the 
deviation between the original geometric shape (square) 
of the circuit pattern formed on the reticle 32 and the 
geometric shape of the pattern image formed on the 
silicon wafer 34. If a barrel type distortion of the pattern 
image due to the barrel type distortion of the projection 
lens 33 (see FIG. 3A) is con?rmed, the arithmetric unit 
41 produces a distortion correction control signal for 
instructing that the reticle 32 be deformed into a reel 
shape as shown in FIG. 6. The distortion control device 
44 which receives the thus produced distortion correc 
tion control signal outputs control signals to respective 
driving devices 50-52 for extending the expansible por 
tions by predetermined amounts. On the other hand, if 
the deviation is calculated based on the ?rst data read 
from the 'memory 40 and the reel type distortion of the 
pattern image due to the reel type distortion of the 
projection lens 33 (see FIG. 3B) is con?rmed, the arith 
metric unit 41 produces a distortion correction control 
signal for instructing that the reticle 32 be deformed 
into a barrelshape as shown in FIG. 7. The distortion 
control device 44 which receives the thus produced 
distortion correction control signal outputs control 
signals to respective driving devices 50-52 for reducing 
the expansible portions by predetermined amounts. ‘ 
As a result, also in this embodiment, even when the 

barrel-type or reel-type distortion-of the pattern image 
formed on the silicon wafer 34 is created due to the 
symmetrical distortion. of the projection lens 33, the 
reticle 32 can be deformed in its surface direction and 
the circuit pattern formed on the reticle 32 can be de 
formed so that the distortion of_ the pattern image is 
eliminated. Thus, the distortion of the pattern image 
formed on the silicon wafer 34 can be prevented. 
The position of the/ sensor 60 is preferably in the 

vicinity of the optical axis of an exposure light where 
in?uence of the increase of temperature due to exposure 
appears’ most greatly. However, since the sensor 60 
directly blocks the exposure light and an optical prob 
lem occurs if the sensor 60 is disposed in the vicinity of ' 
the optical axis, actually places where the in?uence of 
the increase of temperature due to exposure appears 
comparatively greatly are selected in an experimental 
manner or other manners from peripheral portions of 
the projection lens 33 where the exposure light does not 
pass. Since the increase of temperature at the thus se 
lected position of the temperature sensor 60 one-to-one 
corresponds to each of the shifts in focal point and an 
image magni?cation of the projection lens 33 and sym 
metrical distortion, their relationships are beforehand 
measured and the abovementioned three data are stored 
in the memory 40. 

In the above-discussed structure, there are provided 
four driving devices as means for deforming a reticle in 
its surface direction, and central portions of four sides of 
























